acute abdomen; preterm infants; surgical stomas Background: For premature infants with advanced acute abdomen, creating a temporary enterostomy is believed to be an appropriate surgical management. However, there is no consensus regarding the timing of enterostomy reversal. The aim of this study was to determine the optimal timing for enterostomy closure (EC) by analyzing EC-related complications. Methods: This was a retrospective study of preterm infants who underwent enterostomy for suspected acute abdomens and subsequent closure. Results: EC-related complications occurred in 35 of 54 infants (65%). A univariate analysis determined the following risk factors for EC-related complications: lower weight and younger age at the time of EC and a shorter stoma duration. In a multiple logistic regression analysis, the only significant risk factor was a weight under 2660 g at the time of the closure operation. Infants with EC-related complications were ventilated longer, were administered more vasopressors, and were more likely to undergo reoperation. Additionally, these infants required parenteral nutrition for a longer duration, had a longer length of hospital stay after EC, and had a significantly lower weight and height at a corrected age of 7e10 months than infants without EC-related complications. Conclusion: Body weight may be one of the most important factors to consider for minimizing EC-related complications.
Introduction
During the intensive care of premature infants, laparotomy is unavoidable in cases of advanced acute abdomen, including necrotizing enterocolitis (NEC), spontaneous intestinal perforation (SIP), and meconium obstruction (MO). 1e3 Although there is considerable debate regarding the surgical options to relieve the inflamed, perforated, or obstructed bowel and to preserve as much bowel length as possible, 4e6 laparotomy with surgical resection and enterostomy formation remains the most commonly performed procedure, particularly when the immediate restoration of bowel continuity is deemed undesirable. 7, 8 Premature infants with an enterostomy are at risk of various stoma-related complications. 9, 10 Early closure could have advantages not only in avoidance of stoma-related complications but also in maintaining adequate fluid and electrolyte balance by the prevention of a large-volume enterostomy output. In addition, enterostomy closure (EC) during the same hospital admission may also be favorable for caregivers or parents. By contrast, if the enterostomy is closed too early, these vulnerable patients could also experience many unexpected postoperative complications due to their immaturity. 7, 11 However, there is no consensus regarding the optimal timing for the reversal of an enterostomy. 12 Traditionally, the timing for EC is determined by the surgeon's preference or experience. Some surgeons advocate early closure before 6 weeks postoperatively, 13, 14 whereas others tend to delay repair for at least 8e10 weeks, until the infant weighs more than 2.0e2.5 kg or when they have a higher body weight and more maturity. 15, 16 Although there are a few reports comparing early and late enterostomy closure, no conclusions have been reached regarding which procedure best reduces EC complications. 12 Therefore, the aim of this study was to assess the complications after EC in neonates undergoing laparotomy for a suspected acute abdomen and to determine the optimal timing of EC for minimizing postoperative complications.
Patients and Methods
We retrospectively reviewed the medical records of preterm infants who underwent a laparotomy with enterostomy formation (EF) for suspected acute abdominal diseases defined as NEC, SIP, and MO, and underwent closure in the neonatal intensive care unit (NICU) from 2007 to 2012. We excluded patients with congenital anomalies, such as jejunal atresia, ileal, and imperforate anus.
All patients underwent a mid-transverse abdominal laparotomy. Stomas were created either laterally in the laparotomy wound as loop enterostomies or as doublebarrel enterostomies. This decision depended on the preference of the operating surgeon and the bowel condition during the operation. In our center, surgeons perform bowel continuity restorations by applying single layer, interrupted sutures in end-to-end anastomoses. The decision to perform an EC was usually made when the following conditions were met: (1) the patient was able to breathe spontaneously without ventilator support; (2) the patient was out of the incubator; and (3) neither obstruction nor significant passage delay were evident on distal loop contrast radiographs. However, because there was no standardized protocol on the exact timing, when the above conditions were satisfied, the timing of EC was determined based on the preferences of the surgeon or parents before discharge from the NICU.
We collected the following data for each infant: perinatal demographic data, causative disease and clinical course, including mechanical ventilation, parenteral nutrition, respiratory diseases, and intraventricular hemorrhage. With respect to EF and EC, the data collected included operation records, pathology reports, mortality, the interval from stoma creation to repair, distal loop contrast radiographs, the duration of parenteral nutrition, and the length of hospital stay after the operation. Regarding the operation-related complications, we analyzed problems associated with the surgical wound, manipulated bowels, and systemic conditions, such as pneumonia and sepsis that developed immediately following the operation. We also searched for follow-up records to evaluate growth at the corrected age of 7e15 months.
Approval for this study was obtained by the Seoul National University Hospital Institutional Review Board (Seoul, Korea).
Statistical analysis
Data analysis was performed using SPSS (version 19.0; SPSS Inc., Chicago, IL, USA). The ManneWhitney U test was used for continuous variables, and Fisher's exact test was used for categorical variables. Two-sided p < 0.05 were considered to be statistically significant. To calculate the area under the curve and determine the cut-off values of continuous variables, receiver operating characteristic curves were plotted. A logistic regression analysis was used to evaluate independent relationships among variables that were significantly different between the two groups. Only variables with p < 0.05 in univariate analyses were entered into a stepwise logistic regression. Odds ratios (ORs) with 95% confidence intervals (CIs) were estimated.
Results
A total of 57 preterm infants underwent laparotomy with enterostomy for an acute abdomen condition during the study period. Three infants were excluded because of incomplete medical records. In 54 premature infants with a median gestational age of 26 þ4 weeks (range, 23 þ1 e35 þ5 weeks) and a median birth weight of 765 g (range, 460e2480 g), the indications for enterostomy were NEC (n Z 32), SIP (n Z 12), and MO (n Z 10). Intestinal perforation was the most frequent reason for operation (n Z 40), and there were also patients who continued to deteriorate over 24e48 hours despite maximum medical support (n Z 14). The deteriorations were progressive abdominal erythema or blue discoloration, persistent metabolic acidosis, oliguria, and cardiovascular instability. Six jejunostomies, 46 ileostomies, and 2 colostomies were performed.
There were 40 boys and 14 girls. The median weights at EF and EC were 805 g (range, 535e2830 g) and 2510 g (range, 910e7300 g), respectively. The median postmenstrual ages (PMAs) at EF and EC were 27 þ1 weeks (range, 25 þ1 e42 þ0 weeks) and 42 þ2 weeks (range, 34 þ2 e80 þ0 weeks), respectively. The median stoma duration was 13 þ5 weeks (range, 2 þ5 e52 þ0 weeks). Of these infants, EF-related complications developed in 32 (59.3%) and a maximum of four complications occurred concurrently in one patient. The most common EF-related complication was wound discharge (n Z 19, 35.2%), and the second was stoma prolapse (n Z 12, 22.2%; Table 1 ). The reoperation rate after EF was 37.0% (n Z 20), and the reason for reoperation was not restricted to EF-related complications but also included the management of progressive disease.
There were 23 infants with high output stomas, defined as excretions above 50 mL/kg/day from the stoma. The indications for enterostomies in these infants were NEC (n Z 16), SIP (n Z 4), and MO (n Z 3), and 4 jejunostomies and 19 ileostomies were performed in these cases. For the patients with high output stomas, the weight and PMAs at EC were a median of 2330 g (range, 1370e4700 g) and 42
þ5 weeks (range, 34 þ0 e61 þ6 weeks), respectively. The stoma duration was a median of 13 þ3 weeks (range, 4 þ6 e24 þ0 weeks), which was not different from patients without high output excretions from their stomas.
A total of 35 (64.8%) infants developed EC-related complications with a maximum of five complications in one patient. The most frequent complication was wound discharge (n Z 20, 37.0%), followed by paralytic ileus (n Z 13, 24.1%; Table 2 ).
There were no significant differences in the demographic or baseline characteristics of infants with ECrelated complications versus those without (Table 3) . Additionally, the causative diseases were similar, and the clinical courses after EF did not differ between the two groups. The distance of the stoma from the ileocecal valve (18 AE 12 cm vs. 15 AE 16 cm, p Z 0.62) and the length of intestinal resection (7 AE 10 cm vs. 5 AE 7 cm, p Z 0.56) did not differ between the EC-related complications group and the no complications group. There were also no differences in the distal loop contrast radiograph results before the closure operation.
However, the weight and PMA at EC of patients with complications were significantly lower (2200 g vs. 3940 g, p < 0.001; 40 þ4 weeks vs. 45 þ6 weeks, p Z 0.002), and the stoma duration was shorter (13 þ2 weeks vs. 19 þ3 weeks, p Z 0.004) in the EC-related complications group (Table 3) .
When analyzing the clinical courses following EC, infants in the EC-related complications group were ventilated significantly longer (7 days vs. 0 days, p Z 0.003), administered more vasopressors (29% vs. 0%, p Z 0.01) postoperatively and underwent reoperation more frequently (26% vs. 0%, p Z 0.019). Additionally, they required total parenteral nutrition (TPN) for a greater number of days (10 days vs. 6 days, p < 0.001), required more time to reach full enteral feeding (11 days vs. 7 days, p < 0.001), and had a longer hospital stay (18 days vs. 9 days, p < 0.001) after the closure operation (Table 4) .
We also evaluated the follow-up growth for these infants after EC at the corrected ages (CAs) of 7 months, 10 months, and 15 months. Interestingly, in patients with EC-related complications, weight and height were significantly lower up to a CA of 10 months (Table 4) .
Because the univariate analysis revealed that the weight at EC, PMA at EC, and the stoma duration were risk factors for EC-related complications (Table 3) , we plotted the receiver operating characteristic curves to determine the cut-off values of the above three factors (Figure 1 ). The areas under the curves for weight at EC, PMA at EC, and stoma duration were 0.834, 0.762, and 0.737, respectively (95% CI Z 0.72e0.95, 95% CI Z 0.63e0.90, and 95% CI Z 0.59e0.88, respectively), and the cut-off values were 2660 g, 43 þ4 weeks, and 15 þ1 weeks, respectively. When we divided the three risk factors using the aforementioned cutoff values, multiple logistic regression analysis indicated that only a weight under 2660 g at EC was significantly associated with an increased risk of complications after EC (OR Z 10.45; 95% CI Z 1.6e67.7; Table 5 ).
Discussion
The results of this study show a statistically significant increment of postoperative complications in infants with smaller body weight at the time of EC. Additionally, infants 13,16e19 no study has used a backwards approach to determine the condition or timing that results in a predisposition to EC-related complications. To our knowledge, this is the first study to ascertain that a lower body weight is associated with EC-related complications and that complications after the closure operation are not only linked to adverse in-hospital clinical courses but also poor follow-up growth.
In the present study, substantial EF and EC complications occurred in 59.3% (32/54) and 64.8% (35/54) of infants, respectively. Our results are comparable to the 24e68% incidence reported in other previous retrospective studies on infants and children. 7,10,11,17,19e21 The high incidence of complications necessitates investigations on reducing postoperative complications following both stoma creation and repair. The most frequently observed complications after enterostomy creation are wound discharge (n Z 19, 35.2%) and stoma prolapse (n Z 12, 22.2%; Table 1 ). Similarly, in the present study, wound discharge (37.0%) and paralytic ileus (24.1%) were the most common complications after enterostomy reconstruction (Table 2 ). These findings are very different from the pattern of complications in adults. 22, 23 In adults, the most frequent complications are bowel adhesions and systemic deterioration, such as pneumonia, diarrhea, sepsis, and urinary tract infection, whereas the primary complications in preterm infants are problems associated with surgical wound and bowel motility, as described. This distinct pattern of complications might be attributed to the different underlying conditions, particularly epithelial barrier and bowel immaturity in preterm infants.
For premature newborns with an acute abdomen, a major advantage of making an enterostomy is the time provided to the distal intestine to rest and recover from inflammation, resulting in the preservation of functional bowel length. 1, 7, 23 However, no consensus exists regarding the timing of stoma closure in preterm infants. In the present study, infants with EC-related complications were ventilated significantly longer, were administered more vasopressors after the operation, and were more likely to undergo reoperation. The TPN duration, time to full enteral feeding and the length of hospitalization after the closure operation were all longer in infants with EC-related complications (Table 4) . These negative postoperative courses have the potential to negatively affect the prognosis of preterm infants who have their own prematurity-related morbidities. For example, early stoma closure for infants Data are presented as the median (range) or n (%). BPD Z bronchopulmonary dysplasia; EC Z enterostomy closure; EF Z enterostomy formation; IVH Z intraventricular hemorrhage; MO Z meconium obstruction; NEC Z necrotizing enterocolitis; RDS Z respiratory distress syndrome; SIP Z spontaneous intestinal perforation; TPN Z total parenteral nutrition.
with bronchopulmonary dysplasia may complicate the longer mechanical ventilation period postoperatively and lead to further pulmonary morbidity. In addition, an interesting finding from our results was that the follow-up growth of infants with EC-related complications was significantly worse than that of infants who did not experience complications (Table 4) . We also noticed that the slower growth in infants with complications persisted up to 10 months of CA, although it did not significantly differ after a CA of 12 months. With time, the nutrition provided to the infants after discharge would become more influential than existing risk factors or comorbidities. However, poor somatic growth over approximately 1 year after birth in preterm infants should never be overlooked.
In the multiple logistic regression analysis of risk factors for EC-related complications, a weight under 2660 g at the time of EC was significantly associated with the occurrence of complications after the closure operation (OR Z 10.45; 95% CI Z 1.6e67.7; Table 5 ). In the past, renowned experts recommended a delayed closure of the enterostomy at 1e4 months or at a weight of 2.7e4.5 kg, preferring to allow the patients to be discharged from the hospital with the enterostomy in place. 24 In the late 1980s, several studies demonstrated that early restoration of the continuity of the intestinal tract did not affect the occurrence of complications after enterostomy repair in infants with NEC. 14, 18, 19 For >20 years after the publication of these studies, there was almost no discussion on the timing of enterostomy reversal. However, Al-Hudhaif et al 16 have recently demonstrated that early EC within 10 weeks negatively impacts the postoperative course, including the length of mechanical ventilation, TPN, and hospitalization. By contrast, Struijs et al 13 reported that EC within 6 weeks of the initial procedure was not associated with increased intestinal adhesions or increased medical costs in NEC patients. However, in premature infants, there could be a bias PMAs at the time of enterostomy creation, and the infants are growing after bowel exteriorization, the maturation status at the time of the closure surgery, as with PMA or weight, would be more important than stoma duration. Early enterostomy closure is indicated for premature infants with proximal stomas that are complicated by high output (i.e., proximal jejunostomies). 9, 18, 25 Aside from this clear indication for early repair, in the case of elective EC, we need to be careful not to perform the repair operation too early in preterm infants with systemic immaturities. In our center, elective closure surgery is usually decided according to the preferences of the surgeon or parents of the patient before discharge from the NICU. It would be ideal if the timing for EC could be decided individually based on distal loop contrast radiograph results. Although distal loopography was widely used for many years to anticipate intact intestinal passages after repair, recent studies have demonstrated that it yields very poor sensitivity for predicting actual postoperative complications and that its results correlate poorly with disease-specific pathologies. 26 Our study results also indicated no difference in the distal loop contrast radiograph results between patients with complications and those with no complications after EC.
Because this was a retrospective study of a small number of participants, the cut-off values mentioned above for distinguishing the risk for complication are not absolute values that can be used as standards for making decisions about enterostomy reconstruction. However, our results indicate that body weight at the time of the repair operation may be one of the most important factors to consider and that in premature infants, a weight >2.5 kg is necessary for minimizing surgery-related complications. Unless surgery is seriously indicated for poor weight gain due to a high output stoma, it would be preferable to defer enterostomy repair until the premature infant reaches a greater weight with sufficient maturity.
